Purpose. Relapse prevention is an important goal in correctional settings. Although there is strong evidence for the effectiveness of certain treatment programs for juvenile offenders, those for adults lack such evidence. This study evaluated the effectiveness of a risk-need-responsivity (RNR)-based intervention.
Public attention on violent and sexual offenders' legal probation often increases in response to severe cases of recidivism that attract societal awareness. Hence, reducing recidivism rates is a major concern of policymakers and juridical and mental health professionals. Meta-analyses show that correctional interventions incorporating at least some form of rehabilitation are associated with lower recidivism rates compared with only supervision or punishment (Koehler, L€ osel, Akoensi, & Humphreys, 2013; Lipsey & Cullen, 2007; Schmucker & L€ osel, 2015) . As societal awareness of sexual offences has risen in the last several years, emphasis has been placed on evaluating programs for adult sexual offenders (Hanson, Bourgon, Helmus, & Hodgson, 2009; Jung & Gulayets, 2011; Lipsey & Cullen, 2007; Mandeville-Norden, Beech, & Hayes, 2008; Marques, Wiederanders, Day, Nelson, & Van Ommeren, 2005; Woessner & Schwedler, 2014; Woodrow & Bright, 2011) . As such, a recent meta-analysis shows an overall positive effect of treatment, with a 3.6% difference in recidivism rates between untreated and treated sexual offenders (Schmucker & L€ osel, 2015) .
In particular, individualized intervention programs (Schmucker & L€ osel, 2015) following the risk-need-responsivity (RNR) principle (Andrews & Bonta, 2010 ) are a widely effective approach (Andrews & Bonta, 2010; Hanson et al., 2009; Koehler et al., 2013; Smith, Gendreau, & Swartz, 2009 ). According to this principle, risk management primarily depends on the level of individual risk and the offender's criminogenic needs that were likely to have determined the offence, while also considering the offender's responsiveness (e.g., cognitive abilities, willingness and motivation to change, and responsiveness to treatment) (Andrews & Bonta, 2010) .
The RNR principle is the basis of the treatment delivered by the Department of Mental Health Services in the Office of Corrections (DMH), Canton of Zurich, Switzerland. This department holds the largest forensic mental health service in the country, delivers psychiatric services for all prison facilities located in the Canton (totalling approximately 15,000 psychiatric consultations per year), and implements court-mandated therapeutic interventions mainly for violent and sexual offenders. Frequency of therapeutic contact, participation in group settings, and detailed arrangement of interventions depend on the dynamic risk an offender presents when being referred to the DMH. Interventions focus on identifying the underlying psychological mechanism that triggered the offence. Thus, based on a comprehensive forensic case formulation and following the general concepts of the RNR principle, the individual aetiology of criminal behaviour, criminogenic needs, and the treatment foci are determined (Hart, Sturmey, Logan, & McMurran, 2011) . In the DMH, the practical implementation of case formulation and accordingly identification of criminogenic needs are based on consensus-based best practice guidelines. In those, offence-related risk factors and criminogenic needs such as personality traits, psychiatric symptoms, and situational circumstances that facilitate criminal behaviour and have led to committing the index offence are defined and operationalized (Urbaniok, 2007) . Individual risk factors and criminogenic needs are addressed by certified forensic therapists in group and single sessions in which internalization of coping strategies and behavioural change are additionally targeted to prevent offence-related behavioural patterns. In the Swiss correctional system, court-mandated interventions can be delivered in inpatient or outpatient settings. Irrespective of whether an offender is imprisoned, on conditional release, or in freedom, interventions are implemented on a regular, typically once-a-week basis, usually starting during imprisonment and continuing across all subsequent correctional settings from open prison facilities to final conditional release. A first pilot study showed promising preliminary results on these interventions delivered by the DMH which have followed the RNR approach since its implementation in 1997 (Urbaniok, Endrass, & Rossegger, 2008) . However, an in-depth and updated analysis of the data is lacking until today.
For more than 20 years, the appropriate design of a treatment evaluation study in forensic settings has been intensely debated (Hollin, 2008; Ioannidis et al., 2001; Marshall & Marshall, 2007 , 2008 Persons & Silberschatz, 1998; Seto et al., 2008; Sherman et al., 1998; Slade & Priebe, 2001) . For most medical and psychiatric and also some psychotherapeutic interventions, randomized controlled trials (RCTs) are widely considered the "gold standard" due to their high internal validity. However, the application and benefits of RCTs in forensic settings have been critically discussed (Farrington & Welsh, 2005; Hollin, 2008; Marshall & Marshall, 2007 , 2008 Seto et al., 2008; Slade & Priebe, 2001 ). On the one hand, RCT designs involve "sterile" study conditions that do not represent actual correctional settings and hardly represent common circumstances of interventions mandated by the court in terms of group assignment (Hollin, 2008) . On the other hand, randomized group assignment cannot guarantee that treatment and control groups do not differ in crucial variables that are significantly related to the outcome measure, as previously observed in an evaluation of sexual offender treatment (Marques et al., 2005) .
In contrast to RCTs, the quasi-experimental study design is well suited to dealing with issues in forensic settings, such as non-random group assignment, inadequate control groups, and ethical dilemmas. For example, using this study design, treatment responders have been compared with non-responders to evaluate the effect of therapy on recidivism rates (Beech, Mandeville-Norden, & Goodwill, 2012) . Furthermore, appropriate matching strategies can be employed to compare treated and untreated offenders, such as propensity score matching (Duwe & Goldman, 2009; Pascual-Leone, Bierman, Arnold, & Stasiak, 2011; Piccone, 2015) , controlling for pre-identified confounders (Bonta, WallaceCapretta, & Rooney, 2000) , and case-to-case matching if the sample size is small (Polaschek, Wilson, Townsend, & Daly, 2005) . One concern is that observational studies can produce biased results due to their increased external but decreased internal validity; therefore, their effect sizes may be questionable. However, systematic reviews and metaanalyses of the effectiveness of forensic interventions that include both quasiexperimental studies and RCTs show that study design has little to no influence on treatment effect sizes (Babcock, Green, & Robie, 2004; Lipsey & Cullen, 2007; L€ osel & Schmucker, 2005; Schmucker & L€ osel, 2015) . Hence, conducting observational studies using a quasi-experimental design to evaluate the effectiveness of offender treatment is reasonable, as long as statistical methods address possible selection bias resulting from court-mandated circumstances.
Current study
The aim of the current study was to analyse the effectiveness of an RNR-based intervention in a cohort of violent and sexual offenders treated in the DMH. Another offender cohort (also overseen by the Office of Corrections) that did not receive court-mandated therapeutic interventions formed the control group. Due to the mandatory nature of the interventions in the treatment group, an RCT design was not applicable. Hence, a quasiexperimental design was employed using established statistical analyses to account for a priori group differences and possible selection bias. Based on previous outcomes of RNRbased interventions for offenders, we expected that the treatment group would have a reduced recidivism rate after follow-up period compared to the control group when controlling for potentially confounding variables.
Methods

Subjects
The treatment group consisted of male offenders who committed a serious violent or sexual offence and received a court-mandated intervention from forensic therapists in the DMH in the Canton of Zurich. In Switzerland, this form of mandatory treatment is not particularly or exclusively linked to a psychiatric disorder but rather to a treatment need and chance of treatment success. Typically, both -treatment need and reasonable chance of success -are assessed by a forensic expert appointed by the court in cases of severe or repeated offences. This expert opinion focusses on the individual risk of recidivism and the chance of decreasing that risk by intervention.
Whether offenders are referred to the DMH, a different treatment institution or an external therapist depends on clinical symptoms (e.g., offenders suffering from a psychotic disorder are usually treated in a forensic psychiatry) and capacity. All offenders who entered the treatment program at DMH between 1 January 1997 and 31 December 2009 and stayed engaged in treatment for at least 12 months were included (n = 254). To assess recidivism, offenders were excluded from the study if they were never at risk (i.e., they were not released from prison for at least 1 day). The final treatment group consisted of 171 offenders.
The control group consisted of a cross-sectional cohort of male offenders who were overseen by the Office of Corrections in August 2000 and were convicted for a serious violent or sexual offence with a minimum sentence length of 10 months (n = 518). Of these, offenders who were judged to be not fully responsible for criminal actions or had received any form of court-mandated or voluntary intervention subsequent to the index offence (n = 212) were excluded. Furthermore, only those offenders who could be followed up for at least 12 months after conviction and who were released from prison for at least 1 day were included. Thus, the final control group consisted of 241 offenders.
Measures
For all offenders, an extensive list of variables was retrospectively collected from the Office of Corrections records, including sociodemographic information, characteristics of the index offence, criminal history, prior contacts with psychiatric services, the course of therapy, and data from risk assessment tools such as the Psychopathy Checklist-Revised (PCL-R; Hare, 2003) and the Violence Risk Appraisal Guide (VRAG; Harris, Rice, Quinsey, & Cormier, 2015) .
Treatment integrity
Treatment integrity in the treatment group was achieved through continuous training of clinical staff in case formulation and therapeutic techniques focusing on the identification of and psychotherapeutic work with underlying offence mechanisms. Principles of case formulation followed the RNR model as previously described (Urbaniok, 2007) . Case formulations were elaborated and discussed within a group of certified therapists and constantly supervised, ensuring a comprehensive explanation of individual cases and a profound understanding of the underlying risk factors addressed in subsequent therapy sessions. Treatment was subject to regular quality management processes consisting of standardized and supervised progress and interim reports. Therefore, seven of 10 criteria for treatment integrity (Andrews & Dowden, 2005) were met: specific model, selection of staff, trained workers, clinical supervision, printed program manuals, monitoring process/change, and adequate dosage. The criteria new/fresh program (i.e., <2 years old), small sample size (i.e., <100 subjects in the treatment group), and involved evaluator (i.e., evaluator involved in program design, delivery, or supervision) could not be met. However, missing out on those first two criteria will rather display treatment reality as -sooner or later -programs will be older than 2 years and the treatment population will exceed 100 individuals.
Post-release follow-up
To acknowledge the time needed to achieve sufficient treatment integrity, the start of post-release follow-up was considered the time of conditional release only for offenders in the treatment group who had been involved in therapy for at least 12 months prior to release. Otherwise, the start of post-release follow-up was postponed to the date on which 12 months of therapy had been completed. This criterion was set as suggested by experts (i.e., senior staff members of the DMH) to ensure program integrity and the establishment of a therapeutic relationship after a triage period. To increase comparability between groups, the start of post-release follow-up for offenders in the control group was set to be at least 12 months after the date of conviction. In cases in which offenders were released earlier, the start of follow-up was adjusted accordingly. Generally, in the Canton of Zurich, there is an extensive post-release network of rehabilitative services available, whether or not an offender received mandatory treatment.
The end of post-release follow-up was September 2013 for all offenders, except for those who died, were deported out of the country, or recidivated. In the latter cases, postrelease follow-up ended on the date of recidivism.
Outcome criterion: recidivism Recidivism included new convictions or charges for severe violent and/or sexual offences committed after the start of follow-up. Severe violent or sexual offences were defined as homicide, manslaughter, robbery, assault (including violence against public servants), coercion, kidnapping, false imprisonment, endangering someone's life, rape, sexual abuse of children, incest, sexual coercion, or sexual molestation. Data on recidivism were retrieved from criminal records accessed between the 20th and 24th of September 2013.
Statistical analysis
Due to the quasi-experimental design of this study, certain characteristics that are expected to differ between groups might also be related to the outcome and thus strongly influence estimated treatment effects. An expert panel in the DMH created a list of such clinically relevant characteristics that were included into the analysis to identify covariates. To prevent any in-house biases due to the involvement of the principle investigators in this study, an external expert of biostatistics was consulted for statistical analysis. To study differences in recidivism rates between treated and control offenders, Cox proportional hazard regression was used that can account for varying follow-up durations and whether offenders recidivated with a minor offence (i.e., non-severe violent or sexual offence) and were incarcerated due to that event. Incarceration time was entered into the model as a time-varying covariate, as offenders were not at risk to reoffend during that time. Because the goal of this study was to determine the relationship between treatment and the time to recidivism, a univariate Cox proportional hazard regression was employed first and then a risk factor (treatment vs. control) approach was used in which additional variables were entered into the regression model as either a confounder or an effect modifier. A confounder was identified when its addition to the model (that previously contained only the risk factor) changed the risk factor hazard ratio (HR) by more than 15% in either direction, without considering statistical significance (Mickey & Greenland, 1989) . Effect modifiers were covariates that had a statistically significant interaction with the risk factor. The proportional hazard assumption was checked using Schoenfeld residuals by testing whether the rho values differed from zero. Additionally, the proportional hazard assumption was checked to test whether the loglog survival plots were parallel between treatment groups. The scale of all continuous covariates was assessed using the fractional polynomial method to ensure that covariates were linear in the log-hazard. Missing observations were imputed by chained multiple imputation for 20 complete data sets if they represented <20% of all observations. Variables with more than 20% missing observations were excluded from further analyses. After generating the 20 data sets, stratified proportional hazards Cox regression was performed separately for each imputation, and results were pooled into a single multipleimputation result. Dichotomous variables were analysed using logistic regression. All analyses were run using Stata software (Version 14.1; StataCorp LC, College Station, TX, USA).
Ethics approval
This study was deemed ethically non-hazardous by the Office of Corrections of the Canton of Zurich. This study exclusively uses data that are not protected under medical privacy laws. All collected data were exclusively obtained from judicial files, which belong to the Office of Corrections of the Canton of Zurich. Treated offenders give written consent to the therapist regarding the revelation of relevant risk information to the Office of Corrections which is therefore part of the official documentation. No additional information was collected.
All analyses were performed on pseudonymized data. The investigators could not draw individual, participant-level conclusions at any time. Outsourced analyses on recidivism were performed on a completely anonymized data set. Thus, there was no need to submit the study to the Ethics Committee of the Canton of Zurich.
Results
Subject characteristics
At the start of the follow-up period, the mean age in the overall sample was 38.9 years (min: 19.6, max: 72.7, standard deviation [SD] = 11.9). Offenders in the treatment group were significantly older than those in the control group at index conviction and the start of the post-release follow-up period (Table 1 ). The control group contained significantly more non-Swiss offenders and significantly fewer individuals with a criminal record. Offenders in the control group had significantly higher PCL-R and VRAG sum scores. Similar proportions of treated and offenders in the control group were diagnosed with a psychiatric disorder. However, due to the large percentage of missing values for psychiatric diagnoses in the control group (Table 1) , this variable was not included in subsequent analyses.
Post-release follow-up
The mean follow-up period was 7.9 years (min: 0, max: 28.6, SD = 5.1) in the overall sample. Offenders in the control group were followed up for a significantly longer time than offenders in the treatment group (Table 2) .
Intervention characteristics of the treatment group
In the treatment group, the mean duration of treatment was 4.5 years (Table 2) . Treatment for approximately one-fifth of the offenders ended irregularly due to acute crisis, external circumstances, or individual reasons.
Recidivism
The rate of recidivism with a severe violent and/or sexual offence was 14.1% (n = 58) in the overall sample. During the follow-up period, treated (n = 20) and control (n = 38) offenders recidivated with a severe violent and/or sexual offence at similar rates as shown by a t-test (Table 2) .
To test for confounding effects, variables with <20% of missing observations were included in a univariate Cox proportional hazard regression model using a multiple Missing values were only in the control group.
Effectiveness of an RNR-based intervention 91
imputed data sets. Three confounding variables (i.e., variables that changed the risk factor by more than 15%) were identified: criminal record with a prior violent or sexual offence, age at start of post-release follow-up, and mean VRAG sum score (Table 3) .
Time-to-event analysis
We first conducted univariate Cox proportional hazard regression analysis to investigate differences in recidivism rates between treated and control offenders recognizing their varying durations of follow-up. Next, all confounding variables were included in a multivariable Cox proportional hazard regression. Compared with the control group, the hazard of recidivism was 15.3% (HR = 0.847) lower in the treatment group in the univariate analysis and 5.2% (HR = 0.948) lower in the treatment group after controlling for pre-identified confounders in the multivariable analysis (Table 4) . However, none of the HRs for treatment was significantly different from 1.0.
In an additional multivariable model, we subdivided the treatment group in completers, dropouts, and offenders who were still in therapy but released and therefore at risk. Compared with the control group, the hazard of recidivism was 66.0% (HR = 0.44) Notes. HR = hazard ratio; CI = confidence interval; VRAG = Violence Risk Appraisal Guide.
a There was no evidence of two-way interaction between each of these variables and the group variable.
lower in the subgroup that was still in therapy and 70% (HR = 0.30) lower for people who cancelled therapy. For those who completed treatment, the hazard of recidivism was higher (HR = 1.50) compared to the control group (Table 5) . However and again, none of the HRs was significantly different from 1.0.
Discussion
The main goal of the present study was to examine the effectiveness of an RNR-based treatment approach in a cohort of violent and sexual offenders using a retrospective observational study design. Preliminary results suggest that the treatment delivered by the DMH is a promising approach (Urbaniok et al., 2008) , and the present results provide tentative but not confirmatory support for these previous findings. We calculated average treatment effects using a univariate Cox regression model as well as a multivariable model controlling for pre-identified confounders. The base rate of recidivism with severe violent and/or sexual offences was 15.8% in the control group and 11.7% in the treatment group. This difference between groups was not statistically significant using either a t-test or Cox regression models accounting for varying lengths of follow-up durations and controlling for potential confounding variables such as age, previous criminal record, and risk level. However, the confounders themselves were significantly associated with differences in recidivism rates between treatment and Note. HR = hazard ratio; SE = standard error; CI = confidence interval; VRAG = Violence Risk Appraisal Guide. Note. HR = hazard ratio; SE = standard error; CI = confidence interval; VRAG = Violence Risk Appraisal Guide.
control groups, which is in line with previous studies (Andrews & Bonta, 2010; Quinsey, Harris, Rice, & Cormier, 2006) . The results of multivariable regression that controlled for confounding variables showed less of a positive treatment effect compared with the results of univariate regression. However, with previous convictions being a static factor and age being a dynamic but unchangeable factor, neither characteristic provides forensic practitioners with an indication of appropriate risk management strategies (Monahan & Skeem, 2014) . Additionally, considering that the association between these variables and recidivism is purely statistical (Quinsey et al., 2006) , it is debatable whether multivariable regression should be applied in this context if it provides no more than a further explanation of statistical variance.
Despite not reaching the significance level either, the subgroup analyses within the treatment group showed an interesting but yet not new trend (Abracen, Gallo, Looman, & Goodwill, 2015; Sauter, Voss, & Dahle, 2015) : Remaining in outpatient or community-based therapy after release has a protective effect, whereas in our sample, treatment completers without any of these showed higher risks of recidivism. The protective HR for individuals cancelling therapy needs urgent further research in terms of causes and consequences of treatment cancellation before drawing any valid conclusions.
Other issues are also worth considering with regard to these non-significant findings. First, recidivism base rates reported for other cohorts of offenders are substantially higher than those found in the current study (Helmus, Hanson, Thornton, Babchishin, & Harris, 2012; Quinsey et al., 2006; Rossegger, Endrass, Gerth, & Singh, 2014) . This low base rate in an untreated offender sample reduces the likelihood of detecting statistically significant effects of a preventative intervention. Second, certain important characteristics, such as psychiatric diagnoses and psychopathic traits, had to be excluded from analysis due to a large percentage of missing observations in the control group. Considering the mandatory nature of the treatment in this study, mental health issues are most likely related to group assignment and thus may have led to a priori group differences which may have an effect on the outcome. Multiple studies, for example Chang, Larsson, Lichtenstein, and Fazel (2015) , show that mental health disorders are related to re-offending. Although Chang et al. (2015) have shown in their comprehensive meta-analysis how any mental health disorder is related to recidivism and how multiple disorders can reinforce this association, they also emphasize that recidivism in male offenders can only be attributed to the presence of a psychiatric disorder in 20% of the cases. Thus, on the one hand, lack of control for psychiatric disorders may have affected the results. On the other hand, the extent of this effect is limited and moreover, could as well have resulted in an underestimation of the treatment effect in our study. Third, for offenders in the control group, we were only able to follow legal events (e.g., new convictions, charges, and imprisonment), deportation, and death, but not other occurrences that could have positively influenced their desistance, such as voluntary treatment or any form of intervention not linked to the index conviction and carried out in a facility other than the DMH. Fourth, although offenders in the control group were not part of the RNR-based treatment program of the DMH, they were still embedded in the correctional system of the Canton of Zurich that places a strong emphasis on rehabilitation, risk-orientated interventions, psychiatric care, and interdisciplinary case management strategies (Office of Corrections of the Canton of Zurich, 2016). Hence, our control group is not interventionally "deprived" or "unaffected" which may lead to a relatively low recidivism rate. In summary, our results may underestimate the positive effect of RNR-based treatment. Thus, further investigations are needed to overcome methodological problems and provide stronger results.
Although the effect of RNR-based treatment and the protective subgroup effect for people in outpatient treatment were not statistically significant, even a trend towards a positive treatment effect can have a major impact on cost-benefit ratios in criminal justice policies. In the United States, cost-benefit analyses show that even programs that slightly reduce recidivism rates (around 5-10%) are cost-efficient, with cost-benefit ratios of at least 1:2 (Aos, Miller, & Drake, 2006; Aos, Phipps, Barnoski, & Lieb, 2001 ). More recent research shows that specific treatment methods, such as multisystemic therapy, are even more cost-efficient, with a ratio of up to 1:23 (Klietz, Borduin, & Schaeffer, 2010) . In Switzerland, first estimations also suggest positive cost-benefit ratios with a reduction in recidivism rate to as low as 5%, even with a very conservative model (i.e., the "bottom-up model") that considers only identifiable criminality costs (Endrass, Rossegger, & Kuhn, 2012) .
Limitations of the study design One limitation of this study arises from its longitudinal design. To provide a reasonable sample size, treated offenders were followed up starting in 1997. However, the conceptualization of RNR-based intervention in the DMH has substantially changed over the years due to new developments in offender therapy. Hence, although the quality of individual treatment delivery may have remained constant, there have certainly been changes in quality management, theoretical considerations, and understanding of risk factors and criminogenic needs.
A second limitation of this study is that the multivariable Cox regression model only included observable covariates whose influence on group assignment and outcome criterion was assumed by clinical experts. Thus, other characteristics that are either unobservable or not identified by the clinical experts may also have a significant influence. Despite the advantages of a quasi-experimental study design in forensic settings, randomized group assignment could solve this problem by controlling potential differences between treated and control groups (Biondi-Zoccai et al., 2011; Yue, 2007) .
Future research and practical implications
Although the present evaluation of treatment effectiveness yielded non-significant results, it should not be concluded that RNR-based interventions are of no use in forensic practice. As outlined earlier, several reasons and limitations could have influenced the statistical results. However, in addition to including more in-depth information on mental health issues, investigating influences of immigration despite nationality, having larger sample sizes, using different control groups from other correctional systems, investigating which content-based components of the treatment are specifically associated with the outcome -it would further be most useful to specifically look at the desistance supporting effect treatment has when it is delivered in an outpatient setting. Also, further research on the accuracy, reliability, and acceptability of case formulations is warranted. Additionally, investigations of dynamic factors, such as prison climate and therapeutic environment, as well as offenders' motivational status and stages of change, could lead to a better understanding of treatment success and its underlying processes.
Finally, in governmental institutions such as the Swiss Office of Corrections, economic considerations, such as cost-benefit analyses, are becoming more important and demanded by civil society. Particularly in the context of violent and sex offender treatment, the general population may show limited support for allocating substantial financial resources for rehabilitative interventions. Cost-benefit analyses can therefore help policymakers and forensic mental health professionals to argue in favour of implementing these rather costly but promising relapse-preventing correctional programs.
